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?? (1) ??????? ??????????? (B) ???????????? (2) ???
????? (C) ?????????????? (?????????????) ?????
[2] ???????????????????? SDE ?Wong-Zakai??????????
? rough path ?????????????????????Wong-Zakai ???????
???? rough path ???????????????????????? ??? SDE ?
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?????????????????????????????????????????
??????? p{variation path $(1\leq p<2)$ ? driving path ?????? ODE, ???
p-rough path $(2\leq p<3)$ ???????? \reecting rough dierential equation"' (??
????????????????????????????) ????????????
?????????????????? ?????????????? ??? $\mathbb{R}^{d}$ ????




$\mathcal{N}_{x,r}=\{n\in \mathbb{R}^{d}||n|=1, B(x-rn, r)\cap D=\emptyset\}$ , (2)
???? $B(z, r)=\{y\in \mathbb{R}^{d}||y-z|<r\},$ $z\in \mathbb{R}^{d},$ $r>0$ . ??? SDE ??????????
??????? $D$ ???????????????????? (??? [27]????? $[24]$ ?
Lions-Sznitman [17] ???????)?
Denition 1. (A) $r0>0$ ????????? $x\in\partial D$ ????
$\mathcal{N}_{x}=\mathcal{N}_{x,r_{0}}\neq\emptyset$ . (3)
(B) ?? $\delta>0,$ $\beta\geq 1$ ???????? $x\in\partial D$ ???????????????
??? $n \in\bigcup_{y\in B(x,\delta)\cap\partial D}\mathcal{N}_{y}$ ???? $(l_{x}, n) \geq\frac{1}{\beta}$ . (4)
(C) $\mathbb{R}^{d}$ ?? $C_{b}^{2}$ ?? $f$ ??? $\gamma$ $>0$ ???????? $x\in\partial D,$ $y\in\overline{D},$ $n\in \mathcal{N}_{x}$ ????
$(y-x, n)+ \frac{1}{\gamma}((Df)(x), n)|y-x|^{2}\geq 0$ . (5)
??????????
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$(\Omega,\mathcal{F}, P,\mathcal{F}_{t})$ ? ltration?????????? $B(t)$ ? $\mathbb{R}^{n}$ ?? $\mathcal{F}_{t^{-}}$????????
?? $\sigma\in C_{b}^{2}(\mathbb{R}^{d}arrow \mathbb{R}^{n}\otimes \mathbb{R}^{d})$ , $b\in C_{b}^{1}(\mathbb{R}^{d}arrow \mathbb{R}^{d})$ ??? $\overline{D}\subset \mathbb{R}^{d}$ ????? Stratonovich
SDE
$Y(t)=y0+ \int_{0}^{t}\sigma(Y(s))\circ dB(s)+\int_{0}^{t}b(Y(s))ds+\Phi(t)$ , $y_{0}\in$ ; $0\leq t\leq T$ (6)
???? $D$ ? (1) ?????(2) ?? (A), (B) ?????? ? 2???????????
??????????? ([27, 24])? $\Phi(t)$ ???? $\mathcal{F}_{t}$-???????
$\Phi(t)=\int_{0}^{t}1_{\partial D}(Y(s))n(s)d\Vert\Phi\Vert_{[0,s]}$ (7)
?????????????? $\Vert\Phi\Vert_{[0,s]}$ ? $\Phi(t)$ ? $[0, \mathcal{S}]$ ???????????$n(s)$ ?
$Y(s)\in\partial D$ ??? $n(s)\in \mathcal{N}_{Y(s)}$ ??? Borel ???????? ?????? Wong-Zakai
??? $Y^{N}$ ?????
$B^{N}(t)=B(t_{k-1}^{N})+ \frac{B(t_{k}^{N})-B(t_{k-1}^{N})}{\triangle_{N}}(t-t_{k-1}^{N}) t_{k-1}^{N}\leq t\leq t_{k}^{N}$
????????$t_{k}^{N}=2^{-N}kT(1\leq k\leq 2^{N})$ , $\Delta_{N}=2^{-N}T,$ $\Delta_{k}B^{N}=B(t_{k}^{N})-B(t_{k-1}^{N})$ . $Y^{N}$
?????? ODE ?????:
$dY^{N}(t)=\sigma(Y^{N}(t))dB^{N}(t)+b(Y^{N}(t))dt+d\Phi^{N}(t) , Y^{N}(0)=y_{0}$ . (8)
Theorem 2 ([3]). ?? (A), (B), (C) ????????? $\epsilon>0$ ????? $C_{\epsilon,T}>0$ ?
????????? $N$ ????
$E[_{0} \max_{\leq t\leq T}|Y^{N}(t)-Y(t)|^{2}]\leq C_{\epsilon,T}\Delta_{N}^{(1-\epsilon)/6}$ (9)
Remark 3. $D$ ???????????????Doss-Priouret [6] ? $Y^{N}(t)$ ? $Y(t)$ ??
??????????????????????Evans-Stroock [8] ? (A), (B), (C) ???
$D$ ? admissibility condition (????? Lions-Sznitman [17] ????????) ????
??$P^{Y}$
'
? $P^{Y}$ ??????????????????[3] ???????? [3] ?????
??? Tusheng Zhang [29] ? Evans-Stroock ?????????? Theorem 2?????
??????????
???????? (A) ????? $r_{0}$ ????? (C) ????? $f=0$ ?????????
2?????????????????????????? (B) ????? (?? (1978))?
???? ??????? (B) ???????????????????? ????????
?????????????????????????????????????????
?? ?? (C) ??????????????
Theorem 4([2]). (1) $D$ ???????? (9) ??????
(2) $D$ ? (A), (B) ???????? ????? $\max 0\leq t\leq T|Y^{N}(t)-Y(t)|$ ? $0$ ????
????
2
??? $\overline{D}$ ?? reecting rough dierential equation$(=$RRDE) ???????????
$X=(1, X_{s,t}^{1}, X_{s,t}^{2})(0\leq s\leq t\leq T)$ ? $\mathbb{R}$d ?? 1$\succ$rough path $(2\leq p<3)$ ?????? $\mathbb{R}^{d}$
??????????????? rough dierential equation????:
$dYl=\sigma(Y_{t})dX_{t}+d\Phi_{t}, Y_{0}=y_{0}\in D$ . (10)
?????????? driving rough path ? $\int_{s}^{t}X_{s,u}^{1}\otimes d\Phi_{u}$ ??? iterated integral ??
????? ??? $(X, \Phi)$ ???????? p-rough path ??????? $Y=(1, Y_{s,t}^{1}, Y_{s,t}^{2})$
????? $=y_{0}+Y^{1_{t}}$ ???? $Y_{t}\in D(0\leq t\leq T)$ ????
$\Phi_{t}=\int_{0}$
?
$1_{\partial D}(Y_{s})n(s)d\Vert\Phi\Vert[0,s],$ $n(s)\in \mathcal{N}_{Y_{s}}ifY_{S}\in\partial D$ ; $0\leq t\leq T$ (11)
??????$(Y, \Phi)$ ? $X$ ? driving rough path ??? RRDE ????????????
?????????????????? $\mathbb{R}^{d}$ ????? path $w_{t}(w_{0}\in\overline{D})$ ????????
Skorohod??? $\xi_{t}=w_{t}+\phi_{t}$ ????? (????? $\xi_{t}\in\overline{D}(0\leq t\leq T),$ $\phi_{t}$ ?????
?????????), ????????:
(H1) ??? $C_{D}$ ????????? $w$ ????? $\phi$ ?????? $[s, t]\subset[0, T]$ ???
?????????? :
$\Vert\phi\Vert_{[s,t]}\leq C_{D}\max_{s\leq u\leq v\leq t}|w_{v}-w_{u}|.$
(H1) ????? ????? (B) ???? $\delta=+\infty$ ?????????????AM.
Davie [4] ??????? rough dierential equation ???? Euler??????????
??????????????????????????
Theorem 5 ([1]). (A), (B), (H1) ?????? $\omega$ ? $X_{s,t}$ ? control function ???:
$|X_{s,t}^{i}|\leq\omega(s, t)^{i/p} 0\leq \mathcal{S}\leq t\leq T, i=1, 2$ .
????? (10) ????????????????????
$|Y_{s,t}^{i}|\leq C(1+\omega(O, T))^{3}\omega(s, t)^{i/p}$ (12)
$\Vert\Phi\Vert_{[s,t]}\leq C(1+\omega(O, T))\omega(s, t)^{1/p}$ . (13)
???? $C$ ? $C_{D},$ $\sigma,p$ ??????????
$1\leq p<2$ ??? ??? $p-$variation path $x_{t}$ ? drive ???????????????
?? ?????? $D$ ??? (A), (B) ????????????????????????
$1\leq p<2$ ? $D$ ?????????Ferrante-Rovira [9] ????????????????
??????????????? open problem ???????????p-variation path ?
???p-rough path???? p-rough path???????? $X\mapsto Y$ ? Borel??????
???????????? $2\leq p<3$ ?????Euler ??? Skorohod???? implicit ?
???????????????????? (H1) ?????????????????? [1]
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